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[57] ABSTRACT 

A position command method and apparatus for shortening 
the acceleration and deceleration times of a servo controlled 
apparatus by effectively utilizing the torque of the controlled 
apparatus. A value of speed per unit time is developed on the 
basis of speed and position data, and a constant speed or an 
acceleration or deceleration function processing may be 
selectably performed. In the position commanding method 
and its unit of the present invention, the deceleration stop 
distance of output speed is computed at all times or is held 
as a list data as described above and moreover is compared 
with a residual distance XR. Consequently, the deceleration 
stop distance does not have to coincide with the residual 
portion from the acceleration command, and the accelera- 
tion/deceleration curve alone can be realized in an indepen- 
dent form. Also, the speed change can be made smoother by 
correcting the cross point of independently formed accel- 
eration and/or deceleration curves defining a comer section. 
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POSITION COMMANDING METHOD AND 
APPARATUS 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a position commanding 
method and apparatus for implementing such method for the 
position control of servo motors, spindle motors, etc., which 
are the drive sources for machine tools and the like. In 
particular, the invention relates to_a position commandin g 
method and apparatus^for_ shortening the acceleration or 
deceleration time by maximall y utilizing the torque provided 
^bv a_controUed body. 

The present invention may be explained using, for 
example, a servo motor as a controlled body for the conve- 
nience of explanation. 

2. Description of the Background Art 

FIG. 11 is a block diagram showing the conventional 20 
position commanding unit of a servo motor. In this figure 
there is a program 101 where the position data, speed data, 
etc., are designated, a data processing section 102 for 
rewriting and outputting the position data, speed data, etc., 
from the program 101, a unit time speed conmiand gener- 25 
ating section 103 (hereinafter to be called "FAt generating 
section") for converting the input speed data into the travel 
distance at every unit time for its output, and an acceleration/ 
deceleration controlling section 104 consisting of a filter and 
theJike for outputting the output speeds of acceleration, 
constant speed and deceleratipn. The output specd.Es L£Dam. 
the acceleration/deceleration controlling section 104 Con- 
verted into the position command via an integrator 107 and 
drives the servo motor by an amplifier n ot shown in drawing, 
further, there is a 1 -block data compIeBon^smimnating 
section 105 for making a judgement to see if the output of 
1 -block data has been completed from the FAt generating 
section 103 and if the next block data is to be read in, and 
a storing section 106 for parameters that will become a basis 
for determining if the read data may be rewritten or not on 
the basis of the discrimination at the 1 -block data comple- 
tion discriminating section 105. In particuIan.storing secti on 
10 6 stores the threshold value o Qhgjgutputj peed Fv bein^ 
output Irom the acceleration/decderatio n s p^j:: :Qntrpllm 
secqon^ljM . 

Next, the actuation of the unit shown in FIG. 11 is to be 
described. FIG. 12 is a flow chart explaining the actuation of 
a conventional position commanding unit illustrated in HG. 
11. MMJi^jMi ^^ 1 -block data, comprising speed 

P^'^^^j^^jjj* ''^^Ij^^"' the_uT iit w'^T "^''Vf^ so 
''Inci sion (SI027to~see ifl£e previously read data may be 
Tewtingr tor the pos itio n data j^i and speed data Fi at thei-th ^ 
luocKTinat previoiisly^ere"r^ d into the data process ing.' 
section lKr>p6ruhei)ai^ut«pee^ 
"^^^^EiZdfeceleration— controllmg_i^e*;tion„104«]ias 55 
reached Jbe stipulated value-set. into the_ p arameter storin g 
. section 106, the data processing section 102 rewrites the 
output speed to a newly read data . At step S102. die data 
" processing section makesl judgement to see if the stipulated 
value has been set into the parameter storing section 106, 60 
and if so set, makes a check to see if the output speed can 
satisfy its preset value, for example 0 at S103. If the preset 
value is satisfied, then the step shifts to S104 to rewrite the 
data; and if it is not satisfied, the processing goes to step 
S106, as subsequentiy described If the stipulated value has 65 
not been set at S102, the processing proceeds directiy to 
S104 to rewrite die data. 
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In step S104, the number of repetitions to output the unit 
command for obtaining the value Xi is computed by using 
the equation Xi=2)Fij At (however, j is the number of cycles 
for outputting the unit command) from the sampling time 
(sampling period, unit time) At, and determines the number 
of cycles j. S105 initially sets j to 0 and the residual distance 
XR to Xi. S106 outputs the travel distance Fij At at every 
unit time from the F At generating section 103. In response 
to step S106, die output speed Fv is output (S107) as an 
acceleration, constant speed or deceleration command at the 
acceleration/deceleration control section 104 by this travel 
distance, and this output speed Fv drives not only the servo 
motor via the amplifier as the position command through the 
integrator but is also returned to S102. On die other hand, in 
response to step S106, step S108 subtracts die accumulated 
value of output FijAt from the residual distance XR, namely, 
from the distance until the servo motor stops since the 
command of output speed has disappeared. Then, step S109 
makes a judgement to see if the residual distance XR has 
become zero or not, and if the distance has not been zero, the 
step adds +1 to j so that the FijAt may be output, and returns 
to S106. If die residual distance proves to be 0 at S109, the 
data processing of 1 block is ended. If diere exists the next 
data at diis time, the step returns to START and the above 
mentioned steps are repeated. All the processing other tiian 
those at steps S106 and S107 are done at the data processing 
section 102, 

FIGS. 13(a)-(c) are views showing the general speed 
pattern in die background art. FIG. 13(b) shows that the 
servo motor is accelerated until the time t2 by the command 
FiAt being output from the FAt generating section 103, 
which is shown in FIG. 13(a)- Thereafter die motor is driven 
at a constant speed Fi until the time tl, and then is decel- 
erated because die command of output speed disappears at 
the time tl. 

The time tl is the point of time when all the conmiands 
corresponding to the position data Xi, that has presently 
been read in, is judged by a 1 -block data completion 
discriminating section 105. Section 105 outputs the com- 
mand for reading die next data to the data processing section 
102. Section 102, in turn, reads die next block of data Xi+1 
and Fi+1 on the basis of this command, compares the 
conditions of output speed stored into the parameter storing 
section 106 with the output speed, and rewrites the data if the 
conditions have been satisfied. 

The speed pattern shown in HG. 13{b) drives the servo 
motor with a constant torque Tl as given in the torque speed 
characteristics shown in FIG. 13(c), Therefore, though the 
servo motor itself has the ability capable of generating the 
torque higher than Torque Tl at the command speed lower 
than Fi, it can be seen that diis ability has not been utilized. 
In odier words, the shaded area in HG. 13(c) shows die 
ability which has not been utilized by die servo motor. 

For this reason, a variety of proposals for effectively 
utilizing die torque available from the servo motor at die 
speed lower than the command speed R have been presented 
in the past. 

HG. 14 shows die torque revolution (speed) characteris- 
tics disclosed in Unexamined Patent Publication (Kokai) 
No. 3-1 17514, where the torque is subdivided into 3 regions 
for determining the constant torque corresponding to the 
command speed with the torque as the function of speed. 
This approach more effectively utilizes the torque than the 
conventional method, which provides a drive at a constant 
torque in response to the rated speed, but still does not utilize 
the torque suflaciendy at the number of revolutions lower 
than die command revolution number SI. 
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FIG. 15 illustrates the torque revolution (speed) charac- 
teristics disclosed in Unexamined Patent Publication 
(Kokai) No. 64-72206. The reference discloses the concept 
that drives in synchronism the servo motor and spindle 
motor at the limit torque of LI and L2 spindle motors in the 
synchronous operation of spindle motor and servo motor, 
but its concrete method has not been disclosed. 

The position commanding unit of a controlled body, such 
as the conventional servo motor, etc., is stmctured and 
actuates as described above, but involves such a problem of 
not being able to fully utilize the torque being generated by 
a controlled body such as a servo motor and so forth in any 
of the cases. The present invention is to solve this problem. 

SUMMARY OF THE INVENTION 

TTie present invention is operative to obtain a deceleration 
stop distance corresponding to the output speed and a 
residual distance up to a stop on the basis of position data, 
and to decelerate the controlled body using a deceleration 
function corresponding to the output speed on the basis of a 
coincidence signal indicating the coincidence of the decel- 
eration stop distance with the residual distance. 

The present invention is also operative to adjust the 
command speed so as to cause the existence of the relation: 



10 



20 



25 



Command speed ^ 



(Residual distaiu:e - Decekradon 
stop distance)/Sampling period 
when there exists the relation of 
Command speed = (Residual 
distance - Deceleration stop 
distanceVsampling period. 
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The invention is further operative to divide the speed 
region into a plurality of regions, allocating a straight line 
torque having a different slope in each of the speed regions, 
to prepare a speed — ^torque curve where the torques of 
adjacent speed regions may become identical to each other, 
and to acceleration-control and deceleration-control a con- 
trolled body along the speed— torque curve until the con- 
trolled body reaches a command speed. 

In accordance with the present invention , a unit command 
speea generating means.is operative to generate at ever y unit 45 
time th e commandjs peed b y the speed data and the position^ 
data, an acceleration/deceleration controlling means is 
operative to obtain the output of acceleration, decelerationor, 
^ ^nstant speed responsive to a conmiand speed and has a 



function stonng section for storin g a pluralitv of acceleration 50 



f unctions and decelera tio n ftmctions correspondin g to the 
output speeds andTswitcfimg section for selecting.any,Qf an- 



acceleration function, deceleration fixnction or constants 
speed, a deceleration position disCTimmating^jneans^for:^ 
compufiiig'tKraigccI^tioirst^liistance res ponsiye^to^the^s^ 
output speed and the residual distance up t o the_sto p_on.the... 
3asis of the position data and for out putting ja.coincidence. 
signal when the deceleration sto p distance^ has coincide d 
'with the residual distance^dijiontr olled body de^lerat-.. 
Iflg^meaM^for decelerating the c ontrolled body u sing ^ e go 
''^^ei crffion functiog^f'the accelirationydeceleration c^ - 
trolfan g means on the basis ,QLthexoincidencc-signal.^6f:>the 

^ecclcrafion position discrim inating means. 

In a further embodiment, there is a imit command speed 
generating means for generating at every unit time the 65 
command speed by a speed data and a position data, an 
acceleration/deceleration controlling means for obtaining 



the output speeds of acceleration, deceleration or constant 
speed responsive to the command speed and having a 
function storing sectioti for storing a plurality of acceleration 
functions and deceleration functions corresponding to the 
output speeds and a switching section for selecting any of 
the acceleration fimcUon, deceleration function or constant 
speed, a deceleration position discriminating means for 
computing a deceleration stop distance corresponding to the 
output speed and a residual distance up to a stop on the basis 
of the position data and for outputting a coincidence signal 
when the deceleration stop distance has coincided with the 
residual distance, and a data processing section not only for 
rewriting the speed data and position data into the next speed 
data and position data but also for controlling the switching 
section of the acceleration/deceleration controlling means 
using the rewritten speed data and position data as the 
conunand speeds on Uie basis of the coincidence signal of 
the deceleration position discriminating means. 

A further feature involves dividing the service speed 
range on the deceleration torque characteristic line of a 
controlled body into a plurality of regions, making the 
deceleration torque characteristics corresponding to each of 
said regions to be a straight line and obtaining the decel- 
eration torque characteristics which become a continuous 
broken line tiiroughout the service speed range. 

Another feature involves dividing the service speed range 
on the deceleration torque characteristic line of controlled 
body into a plurality of regions, wherein the high speed 
region on the deceleration torque characteristic line may 
obtain the deceleration torque characteristics of hyperbola. 

A further feature of the invention is a position conunand- 
ing method for generating the control conunand of con- 
trolled body by die difference between tiie command speed 
at every unit time to be obtained from a speed data and a 
position data and the output speeds of acceleration, decel- 
eration or constant speed to be obtained responsive to said 
command speed, which is for obtaining the first stipulated 
point before reaching the cross point of characteristic lines 
consisting of any of two combinations out of the respective 
speeds of said acceleration, deceleration and constant speed 
and the second stipulated point which has passed said cross 
point and for obtaining a correction function of speed 
change between said first stipulated point and said second 
stipulated point 

The final feature involves a unit command speed gener- 
ating means having a comer correction function processing 
means for correcting the speed change at the cross point of 
acceleration/deceleration ftmctions consisting of a plurality, 
e.g., two and/or three, combinations of acceleration func- 
tion, deceleration function or constant speed, an addition 
means for adding the output of the acceleration/deceleration 
controlling means to the output of said comer correction 
function processing means, a deceleration position discrimi- 
nating means for computing a deceleration stop distance 
corresponding to the output speed and the residual distance 
up to a stop on the basis of the position data and for 
outputting a coincidence signal when the deceleration stop 
distance has coincided with said residual distance, and a 
controlled body decelerating means for decelerating the 
controlled body using the deceleration function of the accel- 
eration/deceleration controlling means on the basis of the 
coincidence signal of said deceleration position discriminat- 
ing means. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a view showing a torque/speed curve to be 
applied to one preferred embodiment of this invention. 



10/19/2003, EAST version: 1.04,0000 



5,485 

5 

HG. 2 is a view showing an acceleration function in a 
plurality of speed regions for explaining one preferred * 
embodiment of this invention. 

FIG. 3 is a view for explaining how to obtain the residual 
distance according to one preferred embodiment of this ^ 
invention. 

FIGS. 4(fl) to 4(c) are views for explaining the accelera- 
tion/deceleration functions to be used for one preferred 
embodiment of this invention. 

FIG. 5 is a block diagram showing one preferred embodi- 
ment of the present invention. 

FIG. 6 is a view showing the function switching section 
according to one preferred embodiment of this invention, 

HG. 7 is a flow chart explaining the actuation of one 15 
preferred embodiment of this invention. 

FIGS. 8(a) to E{d) are explanatory diagrams each showing 
the principle of position adjusting circuit being used to an 
embodiment of die present invention. 

FIG. 9(a) to 9(d) arc views explaining the computation 
method of comer correction function in one preferred 
embodiment of this invention. 

FIG. 10 is a flow chart explaining the comer correction 
actuation in one preferred embodiment of this invention. ^ 

FIG. 11 is a block diagram showing the conventional 
position commanding unit of servo motor. 

FIG. 12 is a flow chart explaining the actuation of 
conventional position commanding unit. 

FIGS. 13(a) to 13(c) are views each showing the general 30 
speed pattern of prior art. 

FIG. 14 shows the torque revolution (speed) characteris- 
tics disclosed in Unexamined Patent Publication (Kokai) 
No. 3-117514. 

FIG. 15 shows the torque revolution (speed) characteris- 
tics disclosed in Unexamined Patent Publication (Kokai) 
No. 64-7220i5. 

DESCRIPTION OF THE PREFERRED 40 
EMBODIMENTS 

The position commanding method in the present inven- 
tion decelerates the controlled body using the deceleration 
function corresponding to the output speed on the basis of 
the coincidence signal generated when the deceleration stop 
distance equals the residual distance. 

The position commanding method comprising the present 
invention adjusts the command speed and provides for the 
coincidence of the deceleration stop distance with the 50 
residual distance when there exists the relation of: 

Conmiand speed9t(Residual distance-Deceleration stop 
distance)/Sampling period. 

Hie position commancUng method comprising the present 
invention is for allocating a straight Une torque havmg a 55 
different slope in the speed region which has been divided 
into a plurality of regions, for preparing a speed — torque 
curve where the torques of adjacent speed regions may 
become identical to each other, and for acceleration- and 
deceleration-conttDlling the controlled body along the 60 
speed — ^torque curve until the controlled body reaches the 
command speed. 

The position commanding unit in accordance with the 
present invention decelerates the controlled body using the 
deceleration function corresponding to the output speed on 65 
the basis of the coincidence signal of deceleration stop 
distance with residual distance. 
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The switching section of an acceleration/deceleration 
controlling means in the present invention selects any of an 
acceleration function, a deceleration function or a constant 
speed, and the deceleration position discriminating means 
computes the deceleration stop distance corresponding to the 
output speed and the residual distance up to the stop and 
outputs a coincidence signal when the deceleration stop 
distance has coincided with the residual distance. Further, 
the data processing section not only rewrites the speed data 
and position data into the next speed data and position data 
but also controls the switching section of the acceleration/ 
deceleration controlling means using the rewritten speed 
data and position data as the command speeds on the basis 
of the coincidence signal of a deceleration position discrimi- 
nating means. 

The position commanding unit in accordance with the 
present invention divides the service speed range on the 
acceleration/deceleration torque characteristic line of con- 
trolled body into a plurality of regions, makes the accelera- 
tion/deceleration torque characteristics corresponding to 
each of said regions to be a straight line and obtains the 
acceleration/deceleration torque characteristics which 
become a continuous broken line (polyline) throughout said 
service speed range. 

The position commanding unit in accordance with the 
present invention divides the service speed range on the 
acceleration/deceleration torque characteristic line of con- 
trolled body into a plurality of regions, wherein the high 
speed section on the acceleration/deceleration torque char- 
acteristic line obtains the acceleration/deceleration torque 
characteristics of hyperbola. 

The position commanding unit in accordance witii the 
present invention corrects the speed change at the cross 
point of acceleration/deceleration characteristic lines con- 
sisting of two and/or three combinations of the speeds of 
acceleration, deceleration and constant speed. 

The comer correction function processing means in the 
further feature of the present invention corrects the speed 
change at the cross point of acceleration/deceleration func- 
tions consisting of two and/or three combinations of accel- 
eration function, deceleration function or constant speed. 
Further, tiie addition means adds the output of acceleration/ 
deceleration controlling means to the output of comer cor- 
rection function processing means. In addition, the con- 
trolled body decelerating means decelerates the controlled 
body using the deceleration function of acceleration/decel- 
eration controlling means on the basis of the coincidence 
signal of a deceleration position discriminating means. 

FIG. 1 shows a torque/speed curve, wherein a plurality of 
speed regions (4 regions in the figure) are provided. Each of 
these regions is bounded by a straight line having a slope od- 
(L=0, 1,2...). Each of the respective torque/spccd curve 
lines bounding a speed region may be expressed by the 
following equation: 

W dF/dt^TL-oIXF-FL) (1) 

(where W: Inatia of rotary section, F: Speed, T: Torque, t: 
Time). 

The speed F can be computed by solving this equation, 
and an acceleration function AL(t) can also be determined. 
The acceleration function AL(t) is expressed by the foUow- 
ing equation: 
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AUO = F= FL + TL • [1 - cxp(-aL(/ - rl)/W)]/aL 
(ai>0) 



(2) 



which can be shown by FIG. 2. ^ 

Further, a deceleration function DL(t) is a reverse mode to 
the acceleration function AL(t), both of which change as a 
function of time. The deceleration function DL(t) may be 
expressed by the following equation, in which as torque 
should be negative polarity at decelerating situation, torque 
is expressed by an absolute value ITLI: 



15 



DUO = FI - ITU - 1) • [1 - cjpi-\(xUit - maU)] (3) 
oL = {Hr(L+ 1)1) -(-ir/J}/{F(L+l)-Fi} 

= ~{\m~\nL+ 1)I)}/{F{L + 1) - FI} = - lotiJ 
(aL<0) 



The acceleration functions and deceleration functions illus- 
trated in FIG. 2 can be represented by the Equations (2) and 
(3). 

At the next step, the way of obtaining the residual distance 
XR is to be explained with reference to FIG. 3. The 
acceleration function and the deceleration function can be 
obtained by Equation (2) and Equation (3), respectively, but 
when obtaining the residual distance XR. there exists a 
constant speed block Tc in the pattern showing the speed 
characteristics as given in FIG. 3. The times ta and tb of tiie 
deceleration function can not be fixed because of tiie pres- 
ence of tills constant speed block Tc. Therefore, the speed Vc 
at the time tc during an acceleration will be obtained from 
the acceleration function AL(t), and will be used as a basis 
to compute the time td on the assumption that the decelera- 
tion function DL(t)=Vc. Accordingly, the area (which is the 
integrated value of the deceleration function and is the 
shaded area in FIG. 3) ftom tiie stop time tb (namely 
DL(t>=0) to tiie time td (namely DL(t)=Vc) can be deter- 
mined, that is to say, tiie residual distance XR can be 
obtained. 

The residual distance XR must be known in order to stop ^ 
the servo motor at a stipulated position. In other words, the 
speed commanding output will be stopped only after con- 
sidering the residual distance XR. 

The residual distance XR may be computed using the 
function whenever the time changes. However, there may be 
unacceptable delays in obtaining the residual distance due to 
the time required for computation. Accordingly, it also is 
acceptable to previously calculate the residual distance XR 
in response to the speed at every sampling time during the 
acceleration and to store those values in a memory so that 
the residual distance XR may be obtained directiy from 
memory in response to a given speed value. 

Next, tiie examples otiier than tiiat given in FIG. 2 will be 
explained as possible acceleration/deceleration functions 
tiiat can be used. A constant torque may be adopted for 
simplifying the function because the torque is larger at a 
lower speed, and the other speed regions may be cormected 
by a plurality of straight lines as shown in FIG. 4(a). In this 
case, the acceleration function at a constant torque region is 
expressed by the following equation: 



A(t)=Tot/W 



(4) 



60 



while the acceleration/deceleration functions at higher 
speeds are identical to Formulae (2) and (3). 65 

Further, consider the case where the low speed region is 
at constant torque Tq, as shown in FIG. 4(b\ and the higher 



speed region is approximated with a hyperbola and is 
considered as another torque speed curve. The acceleration 
function, in tiiis case, is defined by Formula {4) in the 
constant torque region, and the acceleration function in the 
hyperbola region can be expressed by the following equa- 
tion: 



A(r) = Fl X N 2(«/fl)-l 



(5) 



Fl=F(tl) Ti: time at speed Fl. 

Moreover, as shown in FIG. 4(c), it is permitted to use a 
torque which is based on tiie subtraction of a constant 
frictional torque Tf or a torque which is based on the 
subtraction of an approximated Motional torque Tf that is 
decreasing as a function of speed. 

Next, a preferred embodiment of the unit according to the 
present invention for implementing the method of the 
present invention can be explained in connection witii FIG, 
5. In FIG. 5, a speed state selecting section 3 is operative to 
activate one of tiiree switching devices (21a, 21b, 21c) in the 
switching unit 21 building up tiie acceleration/deceleration 
controlling circuit 2, in accordance with the flow chart 
shown in FIG. 6, That is to say, the speed data Fi from the 
data processing section 102 (to be described later) is com- 
pared with the output speed Fv from the addition section 201 
(to be described later) by the judgement section 300 in the 
speed state selecting section 3. The switching device 21a is 
turned ON for its acceleration function if Fi>Fv. Alterna- 
tively, die presence of Fi=Fv is judged by tiie judgement 
section 301 in tiie speed state selecting section 3 if Fi<Fv. 
The speed state selecting section 3 will turn ON tiie switch- 
ing device 21b for its constant speed function if the judge- 
ment section 301 judges Fi=Fv, and the switching device 21c 
will be turned ON for its deceleration function if the state 
selecting section 3 judges Fi^Fv. Position Command signals, 
based on the output speed signal Fv, are provided to a 
controlled body 108 to control movement of tiie controlled 
body accordingly. 

Moreover, the data processing section 102 is operative for 
controlling the data rewriting period, a position adjusting 
circuit 4 is used for correcting the position command during 
the deceleration, and a next block data reading control 
section 1 is used for reading the next block of data from tiie 
program 101. A deceleration position discriminating section 
5, which includes the table from which the deceleration stop 
distance LD against the output speed Fv can be obtained, 
also has the function capable of computing tiie residual 
distance XR (XR=Xi-ZFi-At) from the position data Xi and 
the speed data Fi. Further, the acceleration and deceleration 
function processing/storing sections 22a and 72b, respec- 
tively, are operative within the acceleration/deceleration 
controlling circuit 2 such that several necessary functions 
that correspond to the output speed Fv tiiat may be selected. 
A plurality of acceleration functions are incorporated into 
the function processing/storing section 22fl, and a plurality 
of deceleration functions are incorporated into the function 
processing/storing section 22h. The remaining sections in 
FIG. 5 are identical to those explained in FIG, 11; accord- 
ingly, tiiey have identical reference numbers and tiieir expla- 
nation is omitted. 

The position data Xi and the speed data Fi are input from 
tiie data processing section 102 to tiie unit command speed 
generating section 103, and section 103 generates and out- 
puts successively a travel distance Fi-At during tiie sampling 
period At. The travel distance is input into the acceleration/ 
deceleration control circuit 2. The three switching devices 
21a. 2\b and 21c are included in the acceleration/decelera- 
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tion control circuit 2, and the switching device 21a is turned 
ON when the output speed Fv is smaller than the command 
speed H, resulting in acceleration on the basis of the 
acceleration function A(t) from function storing section 22a 
in response to the output speed Fv. The switching device 21a 5 
is opened and the switching device 2\b is closed when the 
output speed Fv has reached the command speed Fi, and a 
constant speed Fi is output The position data Xi is sub- 
tracted by the output distance, and continues to output a 
constant speed Fi until the residual distance at that time lO 
coincides with the deceleration stop distance LDj at the 
command speed Fi, When the relation of residual distance 
XR=deceleration stop distance LDj is reached, the switching 
device 21b is turned OFF and the switching device 21c is 
closed so that the object controlled will decelerate and stop is 
along the deceleradon function D(t) stored within function 
storing section 22h. 

Generally, the subsequent data are available and so the 
position data X(i+1) and the speed data F(i+1), which are 
read into the data processing section 102 via the next block 20 
data reading control section 1 at the point of time when the 
residual distance XR equals to the deceleration stop distance 
LDj, are used by section 102 to make a judgement to check 
whether there is a rewritable state or not on the basis of the 
information of parameter storing section 106. If the rewrit- 25 
able state is available, the data processing secdon 102 adds 
the residual distance XR, namely sets the position data Xi to 
"XR+Xi+1" and the speed data Fi to "Fi+1", and the 
acceleration, deceleration or constant speed is selected 
against these new position data Xi and speed data Fi. 30 

When the data processing section 102 determines that 
(Residual distance XR-Deceleration stop distance 
LDj)<Fv-At on the basis of the parameters from parameter 
storing section 106, and the position data Xi+1 and die speed 
data Fi+1 at the next block is read, data processing section 35 
102 makes a judgement to check if the data is in the state that 
can be processed as execution data. For example, if the read 
position data Xi+1 is added immediately to the residual 
distance XR, and if the read position data X(i+1) is a 
negative polarity, namely in retrogression, the residual dis- 40 
tance XR and the position data Xi+1 are to be mutually 
crossed out, and arc to be returned beforehand at the distance 
of twice the residual distance, namely a distance correspond- 
ing to 2 XR. Whetiier or not this 2 XR is witiiin die 
permissible value needs to be determined by the data pro- 45 
cessing section 102. 

In addition, even if the positive polarity, namely, the next 
block data Xi+1 also advances continuously in the same 
direction, the data needs to be rewritten after confirming that 
the speed has decelerated down to the speed previously set 50 
by the parameter in order to stop it once at the positioning 
point or to enter die orbit position within the tolerance. This 
rewriting is performed by the data processing section 102. 

One preferred embodiment of the unit according to the 
present invention, which puts in practice one aspect of this 55 
invention, has thus far been explained. However, now its 
actuation will be explained on the basis of tiie flow chart in 
FIG. 7. 

Initially, the unit will check to see if the block data reading 
control section 1 has read the next data Fi+1 and Xi+1 from 60 
Program 101 (SlOl). It also will determine if die data 
polarity is opposite to the data currentiy being processed by 
the data at S102, namely whether the daxz is returning data. 
If it proves to be returning data, the unit makes a check to 
see if the residual distance XR is smaller than the stipulated 65 
value XRO stored previously into the parameter storing 
section 106 at S103, and move to S104 if it proves to be 



smaller. If there is any data in the identical direction at Step 
S102, die step proceeds to S104, makes a check to see if the 
output speed Fv covers the stipulated value stored previ- 
ously into the parameter storing section 106. If there is die 
stipulated value stored into the parameter storing section 
106, die output speed Fv makes a check to see if die 
stipulated value is smaller dian its stipulated value FO at 
Step S105, and if the former value being smaller than die 
latter value, the step shifts to S106 to rewrite the data. 

Next, j is set to zero, the residual distance XR to die 
position command data Xi and initially set the flag=0 at 
S107. Then, a check is made to see at S108 whether or not 
the command speed Fi is higher than the output speed Fvij. 
If it is higher, select the acceleration function at S109. and 
if it is lower, check to see at SllO if die command speed Fi 
is equal to the output speed Fvij, and if it is equal, output the 
command speed, as it is, at Sill, and if it is not equal, select 
die deceleration function at S112 and move to S113. At 
S113, compute and output the travel distance Fi(t)-At per 
unit time on the basis of the acceleration function or die 
deceleration function on the basis of the command speed 
Fi(t) corresponding to die time t. Compute die deceleration 
stop distance LDj at every point of time using the accelera- 
tion function and deceleration function at S114 and the 
residual distance XR at S115, and check to see at S116 if die 
residual distance XR is larger than the deceleration stop 
distance LDj, and if it is larger, output the Fi(t)-At at S117, 
output die speed Fvj at S118, and move to S120 unless die 
flag should be 1 at S119 to check to see if die residual 
distance XR equals to the deceleration stop distance LDj, 
and if it is not equal, return to S108 and continue die 
acceleration or the constant speed. If it is equal, move to 
S112 and decelerate the speed. If the residual distance XR is 
smaller than the deceleration stop distance LDj at S116, the 
step proceeds to S121, makes die flag equal to 1, makes a 
check to see if the data of next block is available at S122, and 
if the data of next block is available, the step returns to SlOl 
to read the data. If the data is not available, the step proceeds 
to S112 to continue the deceleration as it is. 

In addition, if the flag proves to be 1 at S119, die step 
shifts to S150, makes a check to see if the residual distance 
XR is larger than the total of adding the travel distance 
Fi(t)-At in unit time at diat time to the deceleration stop 
distance LDj, and if die former is smaller die latter, the step 
shifts to S112 for its deceleration, but if the former is larger 
than die latter, the step makes a check to see if diere is any 
stipulated speed FOG that was previously set to die param- 
eter storing section 106 at S151, and if there is no stipulated 
speed FOO, the step makes the command speed Fi(t)=(the 
residual distance ?Ol-the deceleration stop distance LDj)/ 
the unit time At at S154 and dien shifts to Sill to select a 
constant speed. If die designated value FOO has been set at 
S151, check to see if the output seed Fvj is smaller than the 
designated value FOO, and if it is not smaller, shift to S112 
and select the deceleration. K it is smaller, set command 
speed Fi(t) to die output speed fvj at S153, and shift to Sill 
to select die constant speed. 

Here, S114 dirough S116, S120, S150 and S152 are 
conducted by the deceleration position discriminating sec- 
tion 5, S1S2 through S153 by the position adjusting circuit 
4, S108 dirough S112 by die speed state selecting section 3 
and the acceleration control section 2, and the other steps are 
done by the data processing section 102. 

Next, die processing of the command speed Fi(t>=(the 
residual distance XR-die deceleration stop distance LDj)/ 
the unit time At is to be explained with reference to FIGS. 
S{a)-{d). The position adjusting circuit 4 in FIG. 5 is a 
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circuit for correcting the position command during decel- 
eration, and this function has a high practical application 
value when using a digital control, and FIGS. 8(fl)-(d) are 
explanatory drawings of the principle of this function. That 
is to say, the control is obtained by time division, which 5 
results in the continuous transmission of the command of 
distance advancing at the sampling time At, namely the FiAt 
from the position command Xi. However, the deceleration 
stop distance is LD and kPiAt {the shaded area of FIG. 8(a), 
for l>k>0} is left over as shown in FIG. 8 (a). Thus, when lO 
the command of HAt is output once again, the necessary 
residual distance XR becomes insufficient and the decelera- 
tion stop becomes impossible. Therefore, when the relation 
of (Residual distance XR-Deceleration stop distance 
LD)<FiAt is obtained as shown by the deceleration position 15 
discriminating section 5, the operation shifts to deceleration. 
Thereby, the speed gradually falls down and the FiAt 
becomes smaller, but the value of (Residual distance 
XR-Deccleration stop distance LD) decreases together with 
the residual distance XR and the deceleration stop distance 20 
LD. Consequently, the relation of (Residual distance 
XR~Deceleration stop distance LD)<FiAt is reversed, 
namely>op=FiAt at a speed lower than kFi because the 
difference maintains the existence of the area of kFi -At, i.e., 
the shaded portion of FIG. 8(a). 25 

Assuming that this operation occurred at the j-th process- 
ing, then the value on tie acceleration/deceleration curve is 
not used at this j-th processing but is reserved as the value 
at the next point of time. Thus, instead, the command 
corresponding to the shaded area is output ao 

Li short, with reference to FIG. 8(i?), the shaded area 
defined by C2 and C3 is interrupted between b and c. The 
constant speed side switching means 21b of the acceleration/ 
deceleration controlling circuit 2 is turned on when this 
signal is at C2 and C3, and the data on the deceleration curve 35 
is maintauied. Then, the data is output when the deceleration 
side switching means 21c is turned on, and thereafter, the 
deceleration command is output along the deceleration 
curve. 

FIG. 8(c) is almost identical to FIG. 8(i»), and shows the 40 
case of using only the speed F at the sampluig point of time 
depending on the type of processing, and the error that 
slightly remains at the final step is to be corrected unless the 
difference of (Residual distance XR-Deceleration stop dis- 
tance LD) should coincide with the speed F just at the 45 
sampling point of time. 

FIG. 8(^0 is another example where there is a restriction 
on the output speed. This approach would be used if it is not 
desirable to cause a protrusion at a high speed, which is In 
the shape as described above of acceleration/deceleration 50 
curve. In this case, a constant speed is to be output for the 
duration of plural pieces of At time depending on the kind of 
speed. 

The positional error caused during the deceleration start is 
to be corrected when the speed during the deceleration has 55 
reached the kR, but when the error is again raised by the 
data of next block in the midway of deceleration, the error 



,065 

12 

When driving an object with the servo motor, the load 
torque such as friction and tiie like is subtracted firom the 
maximum torque being generated by the servo motor, and in 
further consideration of the transmission eflSciency at the 
drive mechanism, the acceleration/deceleration curve is 
determined from the effective acceleration/deceleration 
torque. However, because the load torque is smaller in 
general, the torque after giving a certain margin (to be 
multiplied by the coefficient k, where 0<k<l) to the motor 
generated torque can be considered to be an effective accel- 
eration/deceleration torque. This effective torque portion 
shall as a rule be constituted by an approximate function and 
then is integrated. If there are additional conditions such that 
the change of acceleration is smooth, those conditions are 
added to form an acceleration/deceleration curve. 

Some main spindle synchronous operations require no 
accurate positioning. That is because the relative position at 
the drive from both the ends is taken as a problem in the 
rotary motion. In this case, the acceleration/deceleration 
curve alone needs to be considered and the position for 
ending the deceleration is problem-firee. 

As described above, when utilizing the torque to the 
maximum extent, the acceleration function or the decelera- 
tion function is determined, and the cross point from the 
acceleration to the constant speed and from the constant 
speed to the deceleration or the cross point in the reverse 
case is not smooth. 

When the cross point is not smooth, the speed changes 
suddenly at that cross point and a shock may appear. To 
solve this problem, this preferred embodiment is provided 
with a correction, namely means for comer correction. 

With reference to FIG. 5, a comer correction function 
processing section 200 and an addition section 201, which 
adds the output of comer correction function processing 
section 200 to the ou^uts of function storing sections 22a 
and 22^, are provided. 

The comer correction stmcture can be understood with 
respect to FIG. 9, which is a view for explaining the 
computation method of comer correction function and illus- 
trate an acceleration curve (function) A(t), a constant speed 
Fc and a comer function C(t) consisting of an arc. For the 
convenience of explanation, a circle is used as the comer 
function in the figure, but the shape should not be limited to 
this circle alone. 

The acceleration function A(t) and the constant speed Fc 
have a cross point at the time til' unless it should be 
comer-corrected. Suppose the angle as 74*, which is formed 
by a tangent line at the time til' of acceleration function A(t) 
and a constant speed Fc. The comer function with its radius 
being r will contact the acceleration function at the time tlO 
and comes in touch with the constant speed at the time tl2. 

First, assume that an angle 9 is formed by a tangent line 
of comer function at the time tlO and a constant speed Fc, 
and the cross point of this tangent line and constant speed as 
til. Also, regard the time til' and the time til to be the same 
and suppose tan Q=m=tan 0'. As a result, the comer function 
at this time can be expressed by: 



ix{l+M(m2 + l) }/m)+^j [(m2+l){l+N(m2+l) }2Ara2/m2-(/-aO-{l +\ (mUT)" ATa) p 



(6) 

CO) = Fc~ATa> 



is carried over to the next block and an error is formed. In Referring to FIGS. 9(a) to 9(d), 

preparation for it, the speed must be decelerated down to a when Fc=A(t-t'll), t;=t'll, and if t^l4, Fc=D(t-4'14)= 

predetermined speed where tiie relation of kF At<€ is main- D(t'14-t). 

lained. m=l(dA(t-tll)/dt)t=t'll-A'Ikl - - - Funk A 
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m=l(dA(t'14-t)/dt)t=tll-ATal - - - Funk B 
m=l(dD(t'14-t)/dt)t=tl4+A'ral - - - Funk C 
m-I(dD(tlt-U)/dt)t=tll+ATal - - - Funk D 
Here, the A Ta is the time which is preset to the parameter 
storing section 106. 5 

Equation (6) is the comer function when shifting to the 
constant speed from an acceleration, which can be repre- 
sented as: 



FuiikA(t-tlO)=C(t) 



0) 



Similarly, the fallowing equation can be used the comer 
function shifting to a deceleration from the constant speed: 



10 



FunkBCt)=FiinkA(tl5-t) 



(8) 



Funk C(t>=2 Fc-Fimk A(l-tlO) 



Funk D (t)=2 Fc-Funk A (tl5-t) 
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XR(tl3)-LD(Fc)-FcATb<FcAt {ATb=mA'I>i) 
XR(tl3)<LD(Fc)+Fc(mATa+At) 

where XR(tl3) represents XR at time T13 and LD(Fc) 
represents LD at speed Fc. 

On the basis of these two equations, the following equa- 20 
tion can be used as the comer function shifting to an 
deceleration from a constant speed: 



(9) 



and the following equation can be used as the comer ^ 
function shifting to an acceleration from a constant speed: 



(10) 



Next, the operation when performing the comer correc- 30 
tion is to be explained with reference to the flow chart in 
FIG. 10. First, when performing the comer correction, 
prepare three speed pattern generating sections shown in 
FIG. 9(a). The first speed pattern generating section gener- 
ates the speed pattern for inherendy driving the motor, the 35 
second speed pattern generating secdon moves the speed 
pattem higher by ATa than the first speed pattern generating 
section, and the third speed pattem generating section moves 
the speed pattem higher by ATb than the first speed pattem 
generating section. 40 

If the comer correction is unnecessary at S301, the speed 
pattem shown in FIG. 9(a) shall be generated as it is, and if 
the comer correction is required, the step should proceed to 
the sub-routines in S302 through S304. Steps S302, S303 
and S304 perform the same actuation as the speed pattern 45 
generating section given in FIG. 9(a), S302 being the first 
speed pattern generating section for generating the speed 
pattern for driving a motor, S302 being the second speed 
pattern and S304 being the third speed pattem generating 
section. Whether the second speed pattem generating sec- 50 
tion has been switched over to die constant speed is checked 
at S30S, and if it is switched over, the step advances to S306 
and when the command speed is not smaller than the output 
speed, the comer function Funk A is generated at S307. If it 
is smaller, the comer function Funk B is generated at S308. 55 
Unless the second speed pattem generating section should 
be switched over to the constant speed at S305, die step 
shifts to S309, and if the third speed pattern generating 
section is switched over to the constant speed, the comer 
function Funk C is generated at S310. If it is not switched 60 
over, the comer function Funk D is generated at S311, and 
the step is completed after generating the comer correction 
signal at S312. This comer correction signal becomes the 
output signal of comer correction function processing sec- 
tion 200 in FIG, 5. 65 

Although the example of obtaining the comer correction 
function through the computation has been explained in the 
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above, the present invention should not be limited by this 
example, but can cover various kinds of design alterations 
because it is acceptable, for example, to correct the comer 
using the predetermined correction function when the stipu- 
lated speed is reached during the shift to the constant speed 
characteristics from the acceleration characteristics and 
moreover it is also acceptable to obtain the comer correction 
function by the combination with the case of obtaining the 
comer correction function through the computation as 
shown in the embodiment earlier mentioned. 

According to the position commanding method and its 
unit of the present invention, the deceleration stop distance 
LD of output speed is computed at all times or is held as a 
list data as described above and moreover is compared with 
the residual distance XR. Consequendy, the deceleration 
stop distance does not have to coincide with the residual 
portion from the acceleration command, and the accelera- 
tion/deceleration curve alone can be realized in an indepen- 
dent form. Therefore, because the acceleration curve can be 
separated easily from the deceleration curve, there is such an 
effect that die torque beu3g generated by a controlled body 
can be utilized to the maximum extent. 

Further, in accordance with another preferred embodi- 
ment of this invention, there is such an effect that the speed 
change can be made smoother by correcting the cross point 
of acceleration/deceleration curves of independent forms, 
namely the comer section of acceleration/deceleration 
curves. 

The entire disclosure of each and every foreign patent 
application from which the benefit of foreign priority has 
been claimed in the present application is incorporated 
herein by reference, as if fully set forth. 

Although this invention has been described in at least one 
preferred embodiment with a certain degree of particularity, 
it is to be understood that the present disclosure of the 
preferred embodiment has been made only by way of 
example and that numerous changes in the details and 
arrangement of components may be made without departing 
from the spirit and scope of the invention as hereinafter 
claimed. 

What is claimed is: 

1. A position commanding unit for a controlled body 
which is responsive to input speed and position data com- 
prising: 

unit command speed generating means for generating a 
command speed per unit time in response to said speed 
data and position data; 
acceleration/deceleration controlling means for provid- 
ing, in response to said command speed, an output 
signal representing a rate of acceleration, rate of decel- 
eration or constant speed, said acceleration/decelera- 
tion controlling means comprising: 
function storing means for storing a plurality of accel- 
eration functions and deceleration functions; and 
switching means for selecting, in accordance with said 
command speed, one of the following: 
one of said acceleration functions to cause said 
acceleration/deceleration controlling means to 
provide said output signal representing a rate of 
acceleration; 

one of said deceleration functions to cause said 
acceleration/deceleration controlling means to 
provide said output signal representing a rate of 
deceleration; and 

constant speed designation to cause said accelera- 
tion/deceleration controlling means to provide 
said ou^ut signal representing a constant speed; 
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a deceleration position discriminator, comprising; 

means for computing a distance required to stop said 
controlled body when decelerated at said rate of 
deceleration represented by said output signal; 

means for calculating, in accordance with said position 5 
data, a residual distance away £rom a position at 
which said controlled body is to stop; and 

means for outputting a coincidence signal when said 
deceleration stop distance coincides with said 
residua] distance; and iq 
controlled body decelerating means for, in response to 

said coincidence signal, decelerating the controlled 

body at a rate corresponding to said rate of deceleration 

represented by said output signal. 

2. A position commanding unit as claimed in claim 1, 15 
further comprising: 

means for representing deceleration torque characteristics 
of said controlled body as a continuous broken line 
throughout a service speed range of a deceleration 
torque characteristic line of said controlled body by 20 
dividing the service speed range into a plurality of 
regions; and 

means for graphically representing the deceleration 
torque characteristics corresponding to each of the 
regions as straight lines. ^ 

3. A position conunanding unit as claimed in claim 2, 
wherein said representing means divides said service speed 
range into said plurality of regions so that a high speed 
section on the deceleration torque characteristic line 
resembles a hyperbola, ^ 

4. A position commanding unit for a controlled body 
which is responsive to input speed and position data com- 
prising: 

unit command speed generating means for generating a 
command speed per unit time in response to said speed 
data and position data; 
acceleration/deceleration controlling means for provid- 
ing, in response to said conunand speed, an output 
signal representing a rate of acceleration, rate of decel- 40 
eration or constant speed, said acceleration/decelera- 
tion controlling means comprising: 
function storing means for storing a plurality of accel- 
eration functions and deceleration functions; and 
switching means for selecting, in accordance with said 45 
command speed, one of the following: 
one of said acceleration functions to cause said 
acceleration/deceleration controlling means to 
provide said output signal representing a rate of 
acceleration; 50 
one of said deceleration functions to cause said 
acceleration/deceleration controlling means to 
provide said output signal representing a rate of 
deceleration; and 
a constant speed designation to cause said accelera- 55 
tion/deceleration controlling means to provide 
said output signal representing a constant speed; 
a deceleration position discriminator, comprising: 
means for computing a distance required to stop said 
controlled body when decelerated at said rate of 60 
deceleration represented by said output signal; 
means for calculating, in accordance with said position 
data, a residual distance away from a position at 
which said controlled body is to stop; and 
means for outputting a coincidence signal when said 65 
deceleration stop distance coincides witii said 
residual distance; and 
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a data processing section for rewriting, in response to said 
coincidence signal, said speed data and position data as 
next speed data and next position data, said unit com- 
mand speed generating means using said next speed 
data and next position data to generate a new command 
speed for controlling said switching section of said 
acceleration/deceleration controlling means using said 
next speed data and next position d at a 

5. A position commanding unit as claimed in claim 4, 
further comprising: 

means for representing deceleration torque characteristics 
of said controlled body as a continuous broken line 
throughout a service speed range of a deceleration 
torque characteristic line of said controlled body by 
dividing die service speed range into a plurality of 
regions; and 

means for graphically representing the deceleration 
torque characteristics corresponding to each of the 
regions as straight lines. 

6. A position commanding unit as claimed in claim 5, 
wherein said representing means divides said service speed 
range into said plurality of regions so that a high speed 
section on the deceleration torque characteristic line 
resembles a hyperbola. 

7. A position commanding unit for a controlled body 
which is responsive to input speed and position data com- 
prising: 

unit command speed generating means for generating a 
command speed per unit time in response to said speed 
data and position data; 

acceleration/deceleration controlling means for provid- 
ing, in response to said conunand speed, an output 
signal representing a rate of acceleration, rate of decel- 
eration or constant speed, said acceleration/decelera- 
tion controlling means comprising: 
function storing means for storing a plurality of accel- 
eration functions and deceleration functions; and 
switching means for selecting, in accordance with said 
command speed, one of die following: 
one of said acceleration functions to cause said 
acceleration/deceleration controlling means to 
provide said output signal representing a rate of 
acceleration; 

one of said deceleration functions to cause said 
acceleratiion/deceleration controlling means to 
provide said output signal representing a rate of 
deceleration; and 
a constant speed designation to cause said accelera- 
tion/deceleration controlling means to provide 
said output signal representing a constant speed; 
comer correction function processing means for correct- 
ing the speed change at a cross point of acceleration/ 
deceleration functions consisting of plural combina- 
tions of said acceleration function, deceleration 
function and constant speed and providing a correction 
signal representative tiiereof; 
addition means for adding the output signal of said 
acceleration/deceleration controlling means to the cor- 
rection signal of said comer correction function pro- 
cessing means to produce a corrected output signal; 
a deceleration position discriminator, comprising: 
means for computing a distance required to stop said 
controlled body when decelerated at said rate of 
deceleration represented by said corrected output 
signal; 

means for calculating, in accordance with said position 
data, a residual distance away from a position at 
which said controlled body is to stop; and 
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means for outputting a coincidence signal when said 
deceleration stop distance coincides with said 
residual distance; and 
controlled body decelerating means for, in response to 
said coincidence signal, decelerating the controlled 
body at a rate corresponding to said rate of deceleration 
represented by said corrected output signal. 

8. A position commanding unit as claimed in claim 7, 
further comprising: 

means for representing deceleration torque characteristics 
of said controlled body as a continuous broken line 
throughout a service speed range of a deceleration 
torque characteristic line of said controlled body by 
dividing the service speed range into a plurality of 
regions; and 

means for graphically representing the deceleration 
torque characteristics corresponding to each of the 
regions as straight lines. 

9. A position commanding unit as claimed in claim 8, 
wherein said representing means divides said service speed 
range into said plurality of regions so that a high speed 
section on the deceleration torque characteristic line 
resembles a hyperbola. 

10. A position commanding method for generating com- 
mands for controlling a controlled body in response to input 
speed data and position data, comprising the steps of: 

obtaining a command speed from said speed data and said 
position data; 

obtaining an output speed of acceleration, deceleration or 
constant speed in response to said command speed; 

obtaining a difference between said conomand speed and 
said output speed; 

obtaining, in accordance with said position data, a dis- 
tance required to stop said controlled body when decel- 
erated at said output speed of deceleration, and a 
residual distance away &om a position at which said 
controlled body is to stop; and 

decelerating said controlled body at said output speed of 
deceleration using a deceleration function responsive to ^ 
said output speed in response to a coincidence signal 
indicating that said decelerating stop distance coincides 
with said residual distance. 

11. A position commanding method as claimed in claim 
10, further comprising the steps of: 

representmg deceleration torque characteristics of said 
controlled body as a continuous broken line throughout 
a service speed range of a deceleration torque charac- 
teristic line of said controlled body by dividing the 
service speed range into a plurality of regions; and 

graphically representing the deceleration torque charac- 
teristics corresponding to each of the regions as straight 
lines. 

12. A position commanding unit as claimed in claim 11, 
wherein said representing step divides said service speed 
range into said plurality of regions so that a high speed 
section on the deceleration torque characteristic line 
resembles a hyperbola. 

13. A position commanding method as claimed in claim 
10, further comprising the steps of: 

determining whether Command speed=(Residual dis- 
tance-Deceleration stop distance)/Umt time; and 

adjusting said command speed so as to have the relation 
of: 

Command speed^(Residual distance-Deceleration 
stop distance)/Unit time 
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when it is determined in the determining step that Com- 
mand speed=(Residual distance-Deceleration stop dis- 
tance)/Unit time. 

14. A position commanding method as claimed in claim 
10, further comprising the steps of: 

dividing a service speed range on an acceleration/decel- 
eration torque characteristic line of said controlled 
body into a plurality of regions; 

making the acceleration/deceleration torque characteris- 
tics corresponding to each of said regions to be straight 
lines; and 

obtaining the acceleration/deceleration torque character- 
istics which become a continuous broken line through- 
out said service speed range. 

15. A position commanding method as described in claim 
14, wherein said dividing step comprises a step of dividing 
a service speed range on an acceleration/deceleration torque 
characteristic line of said controlled body into a plurality of 
regions, wherein a high speed section on said deceleration 
torque characteristic line has the acceleration/deceleration 
torque characteristics of a hyperbola. 

16. A position conmiand method for generating a control 
command for a controlled body in accordance with the 
difference between the command speed per time unit, 
obtained from input speed data and input position data, and 
an output speed of acceleration, deceleration or constant 
speed obtained in response to said command speed, com- 
prising; 

determining characteristic lines consisting of two combi- 
nations of any of the speeds of said acceleration, 
deceleration and constant speed; 

determining a cross point of said characteristic lines; 

obtaining a first stipulated point before reaching said cross 
point of characteristic lines and a second stipulated 
point after said cross point; and 

obtaining a correction function of speed change between 
said first stipulated point and said second stipulated 
point. 

17. A position commanding method as claimed in claim 

16, further comprising the steps of: 

representing deceleration torque characteristics of said 
controlled body as a continuous broken line throughout 
a service speed range of a deceleration torque charac- 
teristic line of said controlled body by dividing the 
service speed range into a plurality of regions; and 

graphically representing the deceleration torque charac- 
teristics corresponding to each of the regions as straight 
lines. 

18. A position conunanding method as claimed in claim 

17, wherein said representing step divides said service speed 
range into said plurality of regions so that a high speed 
section on the deceleration torque characteristic line 
resembles a hyperbola. 

19. A position commanding method for controlling the 
acceleration/deceleration of a controlled body based on a 
command speed obtained from speed data and position data, 
comprising the steps of: 

dividing a speed region into a plurality of regions, 
allocating a linear torque having a different slope to each 

of said speed regions, 
preparing a speed — ^torque curve where the torques of 

adjacent speed regions may become identical to each 

other, and 
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controlling acceleration and deceleration of said con- 
trolled body in accordance with said speed — torque 
ctirve until said controlled body reaches said command 
speed. 

20. A position conomanding method as claimed in claim 5 
19, ftmher comprising the steps of: 

representing deceleration torque characteristics of said 
controlled body as a continuous broken line throughout 
a service speed range of a deceleration torque charac- 
teristic line of said controlled body by dividing the 
service speed range into a plurality of regions; and 
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graphically representing the deceleration torque charac- 
teristics corresponding to each of the regions as straight 
lines. 

21. A posidon commanding method as claimed in claim 
20, wherein said representing step divides said service speed 
range into said plurality of regions so that a high speed 
section on the deceleration torque characteristic line 
resembles a hyperbola. 

* * 4; * * 



10/19/2003, EAST version: 1.04.0000 



